I. INTRODUCTION
Superconducting tunnel junctions (STJs) are being investigated as photon counting detectors because of their predicted high energy resolving power. This quality arises from the low energy required to break Cooper pairs and to generate free charge carriers (quasiparticles) in a superconductor. Quasiparticles can be detected by the tunneling of electrons across the insulating barrier of the STJ. Calculations for Sn and Nb indicate that the initial number of quasiparticles N(E) generated by the absorption of a photon with energy E is given as [l] , [2] :
N ( E ) = B * E e
(1)
Here E =1.7A (with A the bandgap of the superconductor) is the average energy required to generate one quasiparticle and FzO.2 is the Fano factor. Fano-limited energy resolution would be obtained if each initial quasiparticle would be detected by exactly one tunnel process across the barrier. In practice, the energy resolution is degraded by statistical variations in the number of tunnel processes per quasipartide (tunnel noise), electronic noise and spatial nonunifomity in the response of the detector. Equation (1) implies that even for a detector based on a relatively high-bandgap material like Nb (A=1.5 meV), photon counting with moderate energy resolution should be possible in the UV and visible. This has been demonstrated for Nb-based STJs with A1 trapping layers [3] . This quality nakes the STJ an attractive competitor to semiconductor9ased detectors for astronomical application [4] .
In this paper photon counting experiments with tantaudaluminium (TdAl) STJs in the UV-IR are presented. I'he energy resolving power and response linearity are liscussed. No data on detection efficiency are available yet, ilthough measurements of the reflectivity and transmission :onfirm theoretical models. Experiments at X-ray wavelengths with these devices will be reported elsewhere.
DETECTOR DESCRIPTION
The STJs used in this work are fabricated by Oxford Instruments Scientific Research Division (Cambridge, UK). The detector chip consists of a sapphire substrate on which 10 square STJs are made in five different sizes: 10x10, 20x20, 30x30, 50x50 and lOOxl00 pm'. The symmetrical STJs are made from Ta/AVAlOx/Al/Ta multilayers with 100 nm thick Ta and 30 nm thick Al. The base electrode Ta is epitaxial (RRR=33), whereas the top electrode is polycrystalline. The contact leads are -2 pm wide and made of Nb, in order to prevent the diffusion of quasiparticles out of the lower bandgap Ta electrodes. The sum energy gap (2A) at the barrier, as measured from the I-V curves at T=300 mK, is 1.05 meV. This is significantly lower than twice the energy gap for bulk Ta (2A=1.4 meV), due to the A1 proximity layers. Their thickness was chosen such that the resulting energy gap would allow operation of the devices ,at the base temperature of the cryostat without being limited by excessive thermal currents. The reduced energy gap in the A1 causes these layers to act as quasiparticle traps [5] . This enhances the tunnel rate and reduces loss rates, by confining the quasiparticIes close to the barrier, away from possible loss sites such as the surfaces and interfaces. The AlOx tunnel barrier has a resistivity of 2 . 6~1 0~ &2 cm'. The leakage current densities, as measured at T=300 mK, are 50-100 fA/pm' and independent of the size of the device. The I-V characteristics of the STJs are dominated by leakage currents up to T=400 mK. Typical operating conditions for a 30x30 pm2 device are: T=0.30 K, VB,,=O.10 mV, I=120 PA, RD,e0.8 Ma.
EXPERIMENTAL SET-UP
The experiments have been performed in a 3He cryostat with a base temperature T=0.30 K and the possibility of stable operation at temperatures up to -1.2 K. The detector chip is clamped to a cold finger in the inner vacuum chamber of the cryostat. A superconducting magnet is available to provide the magnetic field parallel to the plane of the tunnel barrier, which is required to suppress the Josephson In the present experiment, the end of the fiber was in close contact with the backside of the sapphire substrate, thus illuminating the base electrode of the detectors. Since the sapphire is transparent and the 100 nm thick Ta transmits <2% of the light in the available wavelength range, essentially only the base electrode is stimulated in this experiment. The source intensity is adjusted with the entrance slit of the monochromator, such that the event rate on the detector is -300 cts/s.
The STJs are read-out with a charge sensitive amplifier (RC=350 p) at about 1 m distance and a shaping stage, both at room temperature. Each detected photon gives rise to a pulse at the output of the preamplifier. The amplitude and the rise time of this pulse correspond to the total number of tunneled electrons (charge output) and the decay time of the signal, respectively, and are stored on a PC. The limiting noise level of the electronics chain with open input is -400 electrons rms. The electronic noise is monitored through the width of the response to an electronic pulser fed into the electronics.
Iv. MEASUREMENTS AND RESULTS

A. Spectra and Detector Responsivity
Single photon pulse height spectra have been recorded with STJs of all five sizes at T=300 mK, V,,s=O.10 mV and B=0.0075 T, and for wavelengths ranging from 200-2000 nm (E=6.2-0.62 eV). Examples of spectra from a 20x20 pm* device are shown in Fig.1 . The measured responsivities (defined as the charge output per eV of photon energy) and the pulse decay time for each device size are given in Table I . They showed only minor variations in the bias voltage range V,,,,=0.05-0.30. Also variation of temperature and magnetic field strength induced no significant changes. The signal-to-noise ratio is expressed as the minimum detectable photon energy, defined as 5 0 , , , , (with oNoIsE derived from the width of the electronic pulser signal). Clearly, the responsivity and the quasiparticle lifetime are strongly dependent on device size. This, together with the good energy linearity (see section IV.B), indicates that loss of quasiparticles occurs predominantly at the edges of the devices, rather than at interfaceshrfaces or in the bulk material. Nevertheless, the optimum signal-to-noise ratio is found for the 20x20 pm' devices. This is due to higher noise levels for larger device areas, because of larger STJ capacitance, higher bias currents and possibly a higher sensitivity to acoustic noise. In addition, the electronics sen decreases for increasing pulse decay time. Fig.2 shows a digitised pulse from a 20x20 pm' device, recorded at the output of the charge sensitive preamplifier. The solid line is the result of a least squares fit of the measured pulse shape to an exponentially decaying pulse from the STJ, convolutec with the response function of the preamplifier (RC=350 ps) The dashed line is the predicted signal in case of RC=-; illustrating the reduced sensitivity of the electronics fo signals with relatively long decay times.
Assuming that the initial number of quasiparticles given as N(E)=Ek, with &=l .7ATTa, the observed respons vities correspond to an average number of tunnel processes 1 per quasiparticle ranging from <n>=6 for the smallest device, to <n>=190 for the largest device (see Table I ). The tunnel times, derived as TT"N=Td,,,/<n> are -0.4 ps.
B. Linearity of the Energy Response
In principle, the linearity of the energy response could be evaluated from the spectra recorded at different photon energies. The accuracy of such an evaluation, however, tends to be limited by the drifts in operating temperature or detector response. The distribution of the monochromator output over several grating orders provides a much more rigorous test of the response linearity, since the grating equation guarantees that the output in the various orders are exact multiples of the same wavelength. The top panel of Fig.3 shows a spectrum recorded with a 20x20 pm2 device, illuminated with light from the monochromator set for k 2 3 8 3 nm. While the orders 2-9 (corresponding to h= 1192-265 nm) can easily be distinguished, the first order is cut off by the low transmission of the optical fiber. The middle panel shows the measured peak positions of the various orders as a function of the corresponding photon energy. The solid line is the best fit of the data to a linear relation. The offset of -31 ADC channels is an electronic offset. The residuals (measured-calculated) of the fit, shown in the bottom panel of Fig.3 , are <0.6%. The trend for negative residuals at higher photon energies could be an indication for non-linearity due to self-recombination of quasiparticles, which was found to be a significant process at X-ray photon energies [6] . The positive residual just above 2 eV is reproduced at other wavelength settings of the monochromator, with completely different intensity ratios in the various orders. It happens to coincide with a maximum in the l/e absorption depth in Ta (superimposed in the bottom panel of Fig.3 ). This may be indicative of either enhanced quasiparticle and pristine phonon loss for absorptions close to the sapphire/tantalum interface, or a dependence on photon energy of the average energy E required to generate one quasiparticle.
C. Energy Resolution
The energy resolution (FWHM) has been measured as a function of photon energy for all 5 device sizes. The measured resolution at E=2.5 eV (k500 nm) is given in the last column of Table I . For the device size with the best results (20x20 pm2) the measured energy resolution AE as a function of photon energy is shown in Fig.4 , together with the measured electronic noise (AENO,,,=O.14 eV) and the derived device-limited resolution AELm=(AEZ-AENoIs~)l/Z. The solid line in Fig.4 represents the predicted device limited resolution for a symmetrical device [7] ,[8]:
AEy2.355 eE(F+l+-) 1
Here, &=S.7A and the Fano factor F=0.22 have been chosen the same as for Nb [2] , and the average number of tunnel processes per quasiparticle <n>=m. The dashed line is the predicted resolution, if an additional contribution of 0.014 eV per eV of photon energy, arising from spatial nonuniformities in the response of the device, is included. Clearly, the device-limited energy resolution derived from the measurements is very close to the tunnel-noise-limited performance in this wavelength range.
V. CONCLUSION
The photon counting capabilities of Ta based STJs with A1 trapping layers have been demonstrated in the wavelength range h=200-2000 nm, with detector sizes ranging from 10x10 pm' to ZOOxSOO pmz. The best signal-to-noise ratio is obtained with a 20x20 pmz device, which should allow photon counting up to b 4 pm. While the response of the detectors is linear with photon energy to within 0.6% in the wavelength range k200-2000 nm, the deviations from linearity may suggest a small effect of quasiparticle self-recombination, and a correlation with the absorption coefficient in Ta. The measured wavelength resolving power is UAk22-4, for h=200-2000 nm. The derived devicelimited resolution is in good agreement with the predicted Fano-and tunnel-noise-limited resolution for a symmetrical Ta device, assuming the same energy conversion efficiency
